The study aimed at exploring whether a "Science-Technology-Social Change" course improved pre-service social studies teachers' (PST) scientific habits of mind and attitudes towards socio-scientific issues. Within a pre-and post-course experimental design, the study was conducted with 135 second-year PST (68 males and 67 females) from two classes at Department of Social Studies Teacher Education in a large-size university, Turkey. Two different Likert type scales, Scientific Habits of Mind Scale and Attitudes towards Socioscientific Issues Scale, were employed to collect data before and after the course. The data were imported to SPSS 15 TM for descriptive and inferential statistics in order to address research questions. The results indicated that the STSC course had some shortcomings in improving the PST's scientific habits of mind and attitudes towards socio-scientific issues. The current study recommends enriching the STSC course with tasks that integrate socio-scientific issues and scientific habits of mind into social studies.
Introduction
Globalized society requires citizens to use scientific knowledge when making decisions, resolving science-related issues, and rationally choosing the affairs of everyday lives. Hence, students develop a sense of character and values as global citizens (Kan'an, 2018; Lee et al., 2013) . Therefore, citizen-focused objectives (or well-educated citizens) of tertiary education include scientific literacy and higher-order scientific thinking skills (e.g., analytical and critical thinking, (in)formal reasoning, decision-making, scientific habits of mind) (Pouliot, 2009; Wu & Tsai, 2010; Zeidler, 2001) . Thus, students (even non-science students) are intended to grasp the complex role of science in decision making for science related discussions (e.g., socio-scientific / controversial issues --the use of alternative medicines/health treatments and dietary supplements, climate change, health risks of modern technologies like mobile phones and overhead power lines, childhood vaccination programmes, use of fluoride in municipal water to prevent tooth decay and nuclear power plants). For instance, they may inquire the reliability of any news related to socio-scientific issues (SSI) via internet and/or related documents prior to the decision-making. Thereby, tertiary education should equip students with content knowledge of science and scientific thinking as a part of scientific literacy (e.g., Çalik & Coll, 2012; Çalik, Turan & Coll, 2014; Kara, 2012; Kilinc et al., 2013) . For this reason, faculties of education generally suggest Science, Technology, and Society (STS) course and/or its derived versions (i.e., Science, Technology and Social Change course) that engage pre-service teachers with societal issues (e.g., Topçu, Muğaloğlu & Güven, 2014; Ültay & Calik, 2012) or SSI (i.e., Kolstø, 2001; Sadler, 2004; Stolz, Wittteck, Marks & Eilks, 2013; Topcu, 2010) . The current paper hereby students' decision-making (i.e., Kapici & Ilhan, 2016; Kaya, 2012; Kılınç et al., 2013; Ottander & Ekborg, 2012; Rundgren, 2011; Topcu, 2010) . Further, the only one study by Kapici and Ilhan (2016) , who handled nuclear power plants as an SSI, administered the Attitudes towards Socioscientific Issues Scale to pre-service social studies teachers (PST) to seek new evidence about their attitudes towards SSI. Even though some studies have concentrated on the aforementioned factors (i.e., affective factors and aspects of the NOS), how the STSC course influences the PST's scientific habits of mind and attitudes towards SSI have still been unexplored.
Since SSI plays a significant role in improving scientific habits of mind, Çalik and Coll (2012) developed a Scientific Habits of Mind Scale for educators and researchers, who wish to investigate scientific habits of mind for a variety of participants. Likewise, Çalik et al. (2014) deployed the Scientific Habits of Mind Scale to investigate pre-service elementary teachers' scientific habits of mind for a series of SSI and compared their views with programme types. They suggested that teacher education programmes needed to help preservice teachers grasp better scientific thinking via scientific habits of mind. Similarly, Kolomuç and Çalık (2019) , who compared academic staff's (from sciences and social sciences) scientific habits of mind regarding socio-scientific issues, reported significant differences in 'scepticism, rationality, and objectivity' sub-factors in favour of the academic staff in social sciences. Only one study (Çalik & Cobern, 2017) cross-culturally investigated the effect of the Common Knowledge Construction Model on pre-service elementary teachers' scientific habits of mind as an inferior outcome. However, none of the foregoing STS(C) and SSI studies has directly focused on how the STS(C) course influences the scientific habits of mind. Of these studies, only two studies employed PST as research participants; but they have not focused on scientific habits of mind (Kapici & Ilhan, 2016; Yiğit, 2013) . For this reason, the current study is unique to measure the PST's scientific habits of mind and attitudes towards SSI before and after the STSC course. Given Bagarinao's (2011) and Rundgren's (2011) studies with 'gender' variable, the current study also incorporates the 'gender' variable that is probably the most significant variable for students' attitudes towards science (Çalık, Ültay, Kolomuç & Aytar, 2015; Osborne, Simon & Collins, 2003) . Further, since the Turkish Ministry of National Education has undergone a positive discrimination towards females, the current study views the gender as an important variable. The study mainly aimed at exploring whether a STSC course improved the PST's scientific habits of mind and attitudes towards SSI.
The following research questions guided this work: 1.
Is there any significant difference between pre-and post-course mean scores of the scientific habits of mind? 2.
Is there any significant difference between pre-and post-course mean scores of attitudes towards SSI? 3.
Does the gender affect the PST's scientific habits of mind and attitudes towards SSI?
Methodology
A pre-and post-course experimental design was employed to see changes in the PST's views of the scientific habits of mind and attitudes towards SSI. The research design is simple casual design (Bakırcı & Çalık, 2013; Çalik, Özsevgeç, Ebenezer, Artun & Küçük, 2014; Çalik, Ebenezer, Özsevgeç, Küçük & Artun, 2015) in order to find out the cause and effect relationships between two or more variables (Trochim, 2001) . For this case, the STSC course acted as a cause (independent variable) whilst the scientific habits of mind and attitudes towards SSI were apparent as dependent variables. A missing control group may be viewed as a threat to the validity of the study.
Setting and Participants
The study was conducted at a large-size university located in the region of Eastern Black Sea of Turkey. The university, which was established in 1955, is one of the outstanding universities in Turkey with 12 faculties, 1 college, 6 graduate schools, 8 vocational schools, and 24 research centres. The university hosts more than 2000 academic staff and 40000 students. It was ranked 22 nd amongst 201 Turkish universities in regard to the University Ranking by Academic Performance in 2018 (see the link at http://tr.urapcenter.org/2018/2018_t9.php). Faculty of Education is well-known with its contribution to the Turkish Education System and Teacher Education Programmes. Also, the faculty has a pioneer role in content-based educational researches.
The participants of this study consisted of 135 second-year PST (aged 19-21 years; 68 males and 67 females) (from two classes in the Department of Social Studies Teacher Education) enrolled to the STSC course. Almost 75% of the PST had low level of science background in that they had taken only a 6-credit compulsory science course (physics, chemistry, and biology) at 9 th grade in an upper secondary school. Also, around 20% of the PST considered their science competency levels as moderate because they took one or two elective science course(s) after the compulsory ones in the upper secondary school. Around 5% of the PST did not provide any information regarding their science background. In case the PST's social interactions might affect their views, they were also asked whether they had any scientist relatives and/or close friends. Only 10% of the PST's relatives or close friends were reported as scientists. In terms of family income (as an indicator of socio-economic background/status), their monthly household incomes were mostly $700 or less (72%) whereas very small fraction of them (3.7%) reported that their monthly household income was over $1500. The PST was informed that the authors would like to use survey data for the course improvement and research purpose if they agreed. Also, the authors emphasized that their agreement or disagreement would not be counted for course credit nor affect their grades. Hence, the authors only reported the PST, who were volunteer to participate in the study. In other words, the authors removed the related documents of the PST, who disagreed to take part in the study.
Teaching Intervention
The second author taught a 2-hour-course once a week for 14 weeks (a total of 28 class hours) and used a traditional face to face teaching. Each lecture included class discussions, question and response sessions and debates with critical thinking/reflection regarding weekly topics. Hence, the PST might confront their own value-systems with their previously uncritically assimilated assumptions, beliefs, values, and perspectives. Hence, they might become more open, permeable, and better validated to change their habits and attitudes. They might find a solution to a problem inside their own value-systems (Cranton & Roy, 2003; Mezirow, 2000) . The STSC course, which is centrally suggested by the Council of Higher Education in Turkey, purposes to afford future social studies teachers to comprehend the historical development of science and technology and their effects on social changes. Hence, the PST might find the STSC course relevant to their future teaching careers and student engagements. This course was compulsory for all the PST at the time of the intervention.
The STSC course comprises of four main and required themes; History of Science (i.e., Historical changes in scientific method of investigation, Historical development of atomistic view of matter, Brief history of astronomy), Nature of Science (e.g., Defining science, Characteristics of science, Types of scientific knowledge, Scientific research methods, Definition and characteristics of scientific literacy), Nature of Technology (Definition of technology, Definition and characteristics of technological literacy), and Science-Technology-Society (i.e., Relationships amongst technology, nutrition, art/literature, culture, environment and work; Nuclear energy and nuclear security, Radiation and human health, Cloning, Stem cell research, Contiguous viral illnesses-Flu, Hepatitis, AIDS, SARS etc.--). This content is explicitly and/or implicitly related to the scientific habits of mind and attitudes towards SSI. For example, the themes 'history of science, nature of science, and nature of technology' directly embrace the scientific habits of mind domains (curiosity, suspension of belief, open-mindedness, scepticism, rationality and objectivity). Further, the theme 'STS' covers both all domains of scientific habits of mind and attitudes towards SSI. For example, 'atom and nuclear energy' and 'evolution and genetics' topics contain such scientific habits of mind domains as mistrust of arguments from authority, open-mindedness, scepticism, rationality, objectivity, curiosity and such attitudes towards SSI as interest and usefulness, liking and anxiety.
The PST were required to keep journals at the end of each class to reflect on their learning. Then, they handed in their journals for review. The lecturer overviewed, graded and gave feedback for each journal and brought them with him to the next class. At the beginning of subsequent class, the journals were randomly distributed to the PST for peer review via a four-point scale from 1 (the lowest) to 4 (the highest). Later, a few anonymous journals with the highest grade were read aloud by the PST. This process began on the fourth week of the semester and went on for successive six weeks. Thereby, such a teaching intervention intended to stimulate their active participation to the course and to facilitate their reflective learning at the end of each class. The PST were informed that their journals were graded based on quality of their arguments supported by scientific evidence rather than the position they took.
Data Collection and Analysis
Two different Likert type scales (Scientific Habits of Mind Scale and Attitudes towards Socio-scientific Issues Scale) were employed to collect data before and after the STSC course.
Scientific Habits of Mind Scale
Scientific Habits of Mind Scale developed by Çalik and Coll (2012) comprised of 32 four-point Likert items to address seven sub-factors of Scientific Habits of Mind suggested by Gauld (1982 Gauld ( , 2005 : open-mindedness (6 items); objectivity (5 items); suspension of belief (5 items); curiosity (4 items); mistrust of arguments from authority (4 items); rationality (4 items); and scepticism (4 items) (see Appendix 1). Items were scored in two ways; positive (1-4) or reverse (4-1). Positive scoring was employed for items 1-8, 10-25, and 27, whereas reverse scoring was used for items 9-26, and 28-32. The variation in responses was employed because constantly scoring the same way may lead to less valid responses (Trochim, 2001) . Çalik and Coll (2012) reported that Scientific Habits of Mind Scale indicated reasonable reliability and high validity for a variety of participants. Its reliability coefficient was reported to be 0.73 by Çalik and Coll (2012) . For the current study, Cronbach's α reliability coefficient of the scientific habits of mind was calculated to be 0.67 and 0.69 for pre-and post-course administrations respectively.
Attitudes Towards Socioscientific Issues Scale
The Attitudes Towards Socioscientific Issues Scale developed by Topcu (2010) consisted of 30 five-point Likert items ranging from 'Strongly disagree' to 'Strongly agree.' Items were scored from 1 (strongly disagree) to 5 (strongly agree). As stated by Topcu (2010) , after explanatory and confirmatory factor analysis, the conceptual structure of the Attitudes Towards Socioscientific Issues Scale consisted of three sub-factors: interest and usefulness of SSI (17 items), liking of SSI (7 items), and anxiety about SSI (6 items) (see Appendix 2). Its Cronbach α reliability values showed satisfactory reliability (ranged from 0.70 to 0.90) (see Topcu, 2010 for further information). For the current study, Cronbach's α reliability coefficient of the scale was calculated to be 0.92 and 0.95 for pre-and post-course administrations respectively.
The data were imported to SPSS 15 TM for descriptive and inferential statistics in order to address research questions. For descriptive analysis, total and mean scores for the scales and sub-scales were calculated. Because the Scientific Habits of Mind Scale consisted of the four-point Likert items, its total and subscale mean scores were evaluated in regard to the following intervals: 1.00-1.75 (totally disagree), 1.76-2.50 (disagree), 2.51-3.25 (agree), and 3.26-4.00 (totally agree). Similar intervals were used for the Attitudes Towards Socioscientific Issues Scale: 1.00-1.80 (strongly disagree), 1.81-2.60 (disagree), 2.41-3.40 (undecided), 3.21-4.20 (agree), and 4.21-5.00 (strongly agree).
Results
The purpose of this study was to examine whether the STSC course improved the PST's scientific habits of mind and attitudes towards SSI. Therefore, the results including descriptive statistics are provided for both instruments. Then, inferential statistical results are presented to further investigate research questions.
Scientific Habits of Mind Scale
As seen from Table 1 , there was a slight decrease in the PST's total scores of the scientific habits of mind when pre-and post-course were compared. However, there were mixed effects of the instruction on the sub-scales of the Scientific Habits of Mind Scale. That is, four out of seven sub-scales (open mindedness, scepticism, rationality, and objectivity) increased. Average scores for each sub-scale were calculated. The lowest pre-and postcourse scores were determined in the 'mistrust of arguments from authority' sub-scale. In other words, the PST tended to trust the authorities in science even after the STSC course. The highest score of pre-course fell into 'scepticism' sub-scale (3.35). After taking the STSC course, the PST's mean score of 'scepticism' sub-scale increased slightly and remained the highest among other sub-scales. Overall, the item mean scores for a total of scientific habits of mind were categorized under the 'agree' category (3.01 and 3.00 for pre-and post-course respectively).
N=135
Pre As can be seen from Table 1 , the scores of the Attitudes towards Socio-scientific Issues Scale slightly decreased from pre-course (3.79) to post-course (3.76) and fell into the 'agree' category. When total scores were divided to item numbers, the lowest score in postcourse was found for the 'anxiety' sub-scale (3.52). The highest score in pre-course appeared for the 'interest' sub-scale (3.92).
Effectiveness of the STSC course on Scientific Habits of Mind and Attitudes towards Socioscientific Issues
Paired samples t-test was employed to find out the effectiveness of the STSC course on the PST's scientific habits of mind and attitudes towards socioscientific issues. As seen from Table 2, significant differences between pre-and post-course mean scores of the Scientific Habits of Mind Scale appeared at the sub-scales 'mistrust of arguments from authority, open-mindedness and suspension of belief' but only the sub-scale 'openmindedness' was in favour of the post-course (p<0.05). There was no significant difference between pre-and post-course mean scores of other subscales in the scientific habits of mind scale and between pre-and post-course mean scores of the attitudes towards socioscientific issues scale. 
. Paired samples t-test between pre-and post-mean scores of scientific habits of mind and attitudes towards sociosciencientific issues

Effect of 'Gender' Variable on Scientific Habits of Mind and Attitudes towards Socioscientific Issues
Independent samples t-test was employed to analyse whether the 'gender' variable influenced the PST's scientific habits of mind and attitudes towards socioscientific issues. As seen from Table 3 , only four of all comparisons were found to be significant between the gender mean scores of the Scientific Habits of Mind scale and the Attitudes towards Socioscientific Issues scale. Scepticism scores were significantly different between pre-and post-course mean scores of females and males. There was also a significant difference in post-course mean scores of the 'rationality' sub-scale in favour of males. Even though no significant difference was found in pre-course mean scores of the scientific habits of mind, the PST's post-course mean scores of the scientific habits of mind yielded significant differences for the 'gender' variable in favour of males (t=-2.86, p<0.05) (see Table 3 ). Moreover, the PST's pre-and post-course mean scores of attitudes towards socioscientific issues showed no significant difference for the 'gender' variable. 
Discussion and Conclusions
As can be seen from Table 1 , the item mean score of scientific habits of mind was around 3 out of 4, except for mistrust of arguments from authority. Further, the standard deviation value, which was narrower for pre-course than post-course, means that the group homogeneity was slightly better for pre-course than post-one even though they came from the same two classes. Also, the item mean scores of attitudes towards SSI in pre-and post-course were about 4 out of 5. This means that the STSC course had some shortcomings in improving the PST's scientific habits of mind and attitudes towards SSI. Interestingly, the fact that their pre-course scores were slightly higher than those of post-course ones may result from the content of the STSC course. That is, they may have found its content more scientific. On the other hand, the results of pre-course may be viewed as an indicator of the tertiary education, which luckily stimulates the scientific habits of mind and attitudes towards SSI. That is, overall effect of the tertiary education may have enhanced the effectiveness of the 14-week STSC course (i.e., Çalik et al., 2014) . This indicates that improvements in scientific habits of mind and attitudes towards SSI require a longer period. Otherwise, such an issue may result from the implementation procedure of the STSC course. Namely, instead of developing the explicit activities-driven scientific habits of mind and attitudes towards SSI, the authors preferred to examine the effects of the regular STSC course (i.e., face to face instruction, whole-class discussion, journals) on these variables. Such a regular course seems to be ineffective in progressing and improving the scientific habits of mind and attitudes towards SSI even though the content of the STSC course includes several topics that explicitly refer to these variables. This may stem from limited challenges that the course engaged the PST. In other words, they might not have enough opportunities to reflect on their own previously uncritically assimilated assumptions, beliefs, values, and perspectives to transform them into a new level of the scientific habits of mind and attitudes towards SSI (Mezirow, 2000) . Thus, the course should have been designed to facilitate challenges for the PST to critically reflect on their own value-systems.
Significant differences between pre-and post-course mean scores of the scientific habits of mind appeared at the sub-scales 'mistrust of arguments from authority, openmindedness, and suspension of belief' but only the one 'open-mindedness' was in favour of the post-course. This may stem from in-class discussions between the instructor and PST that dealt with certainty of scientific knowledge via evidence-based arguments. These arguments are generally supported by clear experimental or observational evidence (called "crucial experiment") (i.e., Lovaisier's invention of Oxygen or Galileo's discovery of moons of Jupiter), which leaves no hesitation while choosing "the right claim" between two opposite arguments. Thus, such examples may have driven the PST to develop a perception of a highprofile trustworthy scientist. On the other hand, tentative nature of science was especially discussed using similar examples from history of science during the 'atoms and nuclear energy' chapter. Thus, the PST might associate scientific progress with open mindedness. In other words, they might develop senses of criticism and scepticism, which are also necessary for change.
As seen from Table 1 , there was a slight increase in the 'scepticism' sub-scale, which might be considered as supporting evidence. A decrease in the PST's views of the 'suspension of belief' sub-scale might stem from the same roots that cause a decrease in the sub-scale 'mistrust of arguments from authority.' As aforementioned, the PST might see scientists as impatient to confirm their findings if there is a clear evidence. This may result from the framework of the STSC course that emphasizes the results of experiments and observations rather than time elapses between them. These results are inconsistent with previous studies referring to positive impacts of the STS course (i.e. Celik & Bayrakceken, 2006 , 2012 Küçük, 2008; Turgut & Fer, 2006; Dogan et al., 2004; Yiğit, 2013) . Such an inconsistent result may come from scope differences between the current study (that principally handled the scientific habits of mind and attitudes towards SSI) and earlier studies (that mainly focused on aspects of NOS, critical thinking and scientific/technological literacy). A lack of poster presentation or other instructional activities in the STSC course seems to have engendered inconsistency with Dogan et al.'s (2004) results reporting significant increases in the student teachers' curiosity, self-confidence and interest toward STS issues.
As observed in Table 3 , there were significant differences between females' and males' pre-and post-course mean scores of 'scepticism and rationality' sub-scales and between their post-course mean scores of the scientific habits of mind scale in favour of males. This indicates that the STSC had more influence on males to grasp critical appraisal and logical arguments than did females. This may stem from the content of the STSC course that creates a debate environment via critical thinking rather than critical reflection, which is more deductive in nature. This might lead the female PST to have lower scores on rationality and scepticism because they may have been more relational in their thinking (Flanagan & Jackson, 1987) . Such a result is in harmony with that of Scott (2008) depicting that the debates helped to understand the topic better, learn new knowledge, gain an understanding of the debate process and enhance their critical thinking skills. Moreover, this may come from gender traits. That is, females tend to be more collaborative and tentative while males are more assertive and confrontational (Young, 1996) . On the other hand, this result is inconsistent with Bagarinao's (2011) one reporting that female learners' engagement with online discussion forums were better than those in male ones. However, the STSC seems to have little impact on improving the remaining sub-scales of the scientific habits of mind and attitudes towards SSI. This means that the STSC course was equally interesting to females and males. This result is consistent with Ottander and Ekborg's (2012) one reporting that lower secondary school students' experiences with SSI were equally interesting to males and females in most cases. Moreover, this study is inconsistent with the related literature addressing that the 'gender' variable is probably the most significant variable for students' attitudes towards science (Çalık et al., 2015; Osborne, Simon & Collins, 2003) . On the other hand, the lack of difference between males and females may come from their career plans. That is, they had chosen a career path in social studies at upper secondary school level. Indeed, the previous researches on gender differences have mostly conducted with students, who have chosen to do science.
The STSC course, which confronted the PST with SSI and decision-making, seems to have failed to statistically arouse their affective categories such as liking of SSI, interest of SSI and anxiety towards SSI (Topcu et al., 2009 ). This may also come from the structure of the STSC course principally focusing on scientific literacy instead of their personal teaching efficacy beliefs about SSI. For this reason, the PST might have thought that they would not teach SSI introduced in the STSC course. In a similar vein, they might have not perceived the affective factors of SSI as a need. As a matter of fact, Kara (2012) found that pre-service biology teachers, who would integrate SSI into their courses, positively perceived a need to address SSI and possessed moderate personal teaching efficacy beliefs about SSI. Overall, the feasibility of the STSC course in their teaching careers seems to have an equal influence on females' and males' attitudes towards SSI.
Someone may ask whether the instruments are valid and reliable assessment of the constructs. In designing the study, the authors constructed a cross-table to match the content of the STSC course with the main aspects of the data collection tools in order to ensure internal validity of the study. For example; the nature of science topic matches with "openmindedness, scepticism, rationality, objectivity, and suspension of belief" sub-scales of the scientific habits of mind scale and "interest and usefulness" sub-factor of the attitudes towards socioscientific issues scale. Another example would be from the "evolution and genetics" topic, which embraces "open-mindedness, scepticism, rationality, objectivity, curiosity, and suspension of belief" sub-scales of the scientific habits of mind scale and "interest and usefulness, liking and anxiety" sub-scales of the attitudes towards socioscientific issues scale. Thus, it is believed that there is a high consistency between the data collection tools and content of the course.
Given the structure of the social studies teacher education, the current study recommends enriching the STSC course with tasks that integrate SSI and scientific habits of mind into social studies. Further, a follow-up study could be undertaken to monitor the STSC course's long-term effects. Similarly, future studies may investigate the extent to which they deploy the scientific habits of mind and attitudes towards SSI in their practicum. 
Attitude Towards Socioscientific Issues Scale (Adopted from Topcu, 2010)
Directions: This questionnaire is designed to gain a better understanding of your views about socioscientific issues. Please read supplementary knowledge before circling the number that represents how you view about each of the statements below. Your answers are confidential. Thanks for your help.
Supplementary Knowledge about Socioscientific Issues:
Recent innovations in the areas of genetic engineering (gene therapy, cloning, and stem cells) and ecology (global warming) provide examples of contexts in which science and society are interacting. The controversial issues that emerge from the combination of science and society have been termed "socioscientific issues". SSI represent ill-structured problems that lack clear-cut solutions. These challenging issues are likely to be confronted in people's daily lives and frequently involve disagreements or dilemmas regarding sciencerelated claims. 
Strongly
